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SPECIFICATION 




• ;tv of United States Provisional 
This application claims priority of Unite 

K 12 1998 which is hereby incorporated 

by reference in its entirety. 



TECHNIC 

uUrtoadeviceforcontroiUn g tbe movement of ^ds ,» 



Iviicioieyic^sJsiJlii^ 



Movement fluids on microchips has been 



, fmtthods Mostnotablybypneumaticpressureand 

etec <roosmos.s,asdescnt>e p^ure-induced flow 

u • omoraled by reference in its entirety. Pressor 
34 o 1 , w bichishereby 1 ncorpora.edby ^ 

.era.iyre^spbysica.vaivestobefabricatedandp.aced.ntb 
generally rcn r „ pe ded on complex 
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microdevices. However th. , 

ever, these vaJves are difficult .nw • 

generations of microdevices P 

^™»^^ mM J^ ******** 

~ ducedflowdoesnw ^ 

Gasman volumes. Th e back ^Passages 

back p ressure generated by the,, ■ 
^ense and the size of the va,v ^ » 

^ctroo sr „osisi s th ernos(imn 

cc 113 its entirety 7 J n w 

~ ™— — — « a CTOBBles naMmP '— 
diffiKeiayeristtmie<j fe J a — — 
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A because these ions are s°'*>> ed ' ^ 111 g 
^e.andbecaus _ field streng * e ove« *e raK of floras 

^ ^.^by^edby 
rferencein*^. pI0gKSS „. been 

Effenhause, « al., W*« .„ iB eWirety . The 

— efleldtheconlroloffl o« ta each 
^ co^ed by apply", 
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Wi '»<^o Sispro ^~^ 3485-34,,. 

^^^^^ , 

Sectroosmosis is also an , m 

' ,y98 ' which are her^hv ■ 

hereby incorporated by 
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wol „rio„a»drep— tyofe „ d en,onstratedfora„un,ber 

• Ate ancillary techniques have also been a 
etecn.phores.sandttsanc,. ry f 0 nnats as described in Effenhauser et al., 

^iifferen.appiicauonson.icrodevcefonna.s.as 

Electroosmosis (EOF) include buffer additives, as described 

p^sefuUyal^ngelec— ,cf.ow(E 

on e, al 1*. 222, 266-272; »«—•- 

i „ J orgen S o„,e,al.,^__ 42M3 6 altering buffer pH, as 



,„, AMbii£SL£hsiniStOilW,62, 1585 158' 
" ^ ^^^SaHeringbufferconcen^asde^bed 

— ^ _ *ch^ i*,M0~n ; ^« 



w. 1991 32 155-161; Atamna,etal., Liia^K-^- 
al-, CblQI^^ 1991, 32, 

^ 6V 3201-32l0andMa^ 

• tV, P inner wall of the capillary, as descn 
20 coatingthemner ^ Moseley, et al., 

^ otv Hierten QjXQjnatQgE- 1985 ' 3 * ' 
22 2, 266-272, Hjerten, uuu-^ . ^ 

• t loci 63 109-1 14 and orgamc modifiers, as 
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■^etal., EJectroosmotic Pi« r> 

^ - 6015 °f Buffer pH on 
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, of *, kind used in microchips and n»crod=v,ces for 
fl0 „ of uKrasmall fluid volumes ofthetand 

• , hiochemical, and analytical sciences. 
,h " hHn,Ca1 ' , ^ialvoltageflowcontrol.amethodto 

t c „„„ was firs, den— d — " " 
con tro,e,ec,roosmo, ,cflo»,wa fc- ^,..a— ^ 

— coverin^^of^o. ^ 

ulb ^ 4 -*-fl-«- fcftl5iM5 * adientofth e b u f fero»*e 

i matched the potential gradient oi xnc » 
^eriausolharradialporenualmarchedr ^ 

• ft becapma^(orfse.by«heradialvol«geexpenmen a lva 

inten „rofthecap.llam , bv c „„ductive materials or ionized gas 

. a .tat the effect could be generated by condu 
^onstratedthattneef ^ 

Wu, et al.. Dispersi ^ 

— — — — 

15 incorporated oy c , ir f aC e with a conductor, as 

<. /40/„\ n f the outer surtace wm 
„w verv small portions (4 /o) oi inc 

C0VermS J ta, .E— bIto -0— — <—— 

deOT ihedinHayes,e, ^^^^ , m 65 , M1MM 3. »hicn is 

Hilary Zone Electrophoresis, Ana^ies 

Capillary c lirfaC e conductance within the 

JV . ~frrer.ce in its entirety. Surtace con 
hereb y incorporated by reference 

, «e layer was attributed for the effective control where 
20 electric double layer was ^ c _ 

from .eradialvolta g es P readalon g theinnersurface.This 
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Potential over the 

eentlreCa ^W length effectively^ • 
electroosmosis. y dUC,ng ^ang e in 

investigations of this effect h 

" CT P« above approxi 

^^i^^S^ 65 27 3| u- ^ b " 

~-^ tilseffectl . veiKss ^ ^'^^^^a,^ 

lcss * Addi ^onaI disnerc* * 

^~ rausedbyradjai ; 

— ^^^^^^^^ o.^, 9 72 te 

ged,fferences could be appli ed 
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•i, „ However, no capillary channel 
In another example, Blancnara 

• o fi.ced silica capillary ot 
5 151 1 64 a radial voltage flow control device using a fused sil 
5,1 ' ,™illarv of 75 micrometer outside 

. rome ,er inside diameter having an inner capillar, 

^ em e,e r softheannularreg,on 

diameter (channel cross section 

m e capillaries) and 630 micrometer outside diamete 
between me cap, me 

„ „f 5 to 6 kilovolts were applied across tne 
diff erencesof5,o6 ^ disuse hetween me radia, voltage 

u.ries to halt electroosmotic How. 

rand.ea.ularcha.e.innerwalls^ewaslOOm,^, 

o filled silica capillary of 5U 
5 ,, 8 0, 75 aradi,vo,.e fl owcon,ro,dev,eus,n -d 

. m e,erinsidediame.er(channe,crosssec„on2x,0 so 

m e,erou K idediameter,inwhichradia,vol. 6 edi ff erencso f5 

140,03 iss.ecapilla.tocon.o.ele— icflow.T.e 

^ 45Ml5 :rr: X ample,^e,a,d_d i n U .S,a K n, N o. 

• „f,,sed silica capillary of either 
i voteBe flow control device using a fused 
5,320,730 a radial voltage 1 „, x 10 » square meters) and 

• ^inside diameter (channel cross section 0.3x10 

20 ^crorneterm f ^ in side diameter (channe! cross 

144mi crometer„tns,de,ame,er,or „ in whlch ra dia, 

-♦*r^ and 370 micrometer ouimu 

• ovlO' 9 square meters) ana j 
section 2 x iu *h 
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^J60 micronietererespecti 

in a recent exampie, Ewiil , 
5 ^5 8 , 6I8aradiaJv getaJd ^-U.S.P atemNo 

voitage flow controj device using a WH 
micrometer insidedi ^ Sl] '<* capiJ Jary of 20 

er(channeJcr o S s section 0.3 x JO^o 
ecrro °smotic flow tu j • 

~ tea , lowefficiMco ~— ^ devfcKor 
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e «n externa] voJtage field th * 
>~-*r to — app,,ed » . orientation 

/ narmel. « is another object of,), 
a dev iw and manod for JK ' ° f "» *<~* invent , 0 

lor e "icjent control of p! 
«*0-y channe, with . ^ fl °»- «f . fluid i„ , 

""■"Md perpendicular volt„„. ,. 
-enUo„i st opro videadevice vo 'tage appjied. A further object of the 

«owo fa(M , ^^^-orrneiec^. 
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• have been substantially satisfied and the 
These objectives have been su 

• .havebeensubstanuallyovercomebythepresent 

«oc of the Dnor art have oeen =>u 
shortcomings of *e pn tavtag 

. wte h in one embodiment is directed to a capillary chann 
invention, "hich in on 

^^oext.naie.ec.odeposi.ionedm— caiiyc-o-o 

ultrasmall cross section of the capillary 

10 elec— icfio.control. 

ln another embodiment, the present in 

cl0S e to a capillary c ds oflhe channel to apply a longitudmal 

lectt „d«arcpos,.ioneda.Acimmed.a,eend S of*ech 

electrodes ar e ,e C trophoretic migration of 

r Id selectively within the channel to .nduce electr P 
15 voltage field selectivety mns independent control of the 

, ,. „.i This embodiment permits inaepci 
^bsunceswidun the channel. Th, em 

^flnidflowand.ee^ophoreticmigration.andperm.tssele 

corner embodiment the present invention, dtrecten, P 

• , mle d external electrode positioned microscopic* 

i A^nre havine an integrated extent 
20 channel device having wher ein a material of high 

cacillary channel of ultrasmall cross section, wherem 
close to a capillary cn tpd external electrode and the 
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capillary vvaJJ to i n j ect char 

J n a further embodiments the 

-Piiiary channel device as de k ' ^ """^ " * • 

cvlce as described above fimiv. 

^flowof fluidsinthe ' "^"^-eansto^ 

a P^ary channel, and optionallvh • 
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further objects, features ^ ad 

p:„ , .„ ■= Present mvenaon- 

^v rous , IeraaJandMeraai >»— -.^^ 
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.wed embodiment of the present 
volffl ne fluid How conuo. according .o a preferred^, 

" ive ° ti0 " ; .™tmsitv of a dye migrating 

Fig 5.iUu Stt a.esaplo>off>» res ' en,,ntenS,ty0 

• „ eWersustaeatvariousappHeOperpendicuiarvotoges; 
5 ^amicroCnpchanneiversu, 

Fig 6. illustrates an example of a dev 1C 

.^^^^ 

i tetrode" ^ mean an electrical conductor 
By "integrated external electrode 

u «o that a potential applied to the 
a -^resoect to the capillary channel so that a p 

10 positionedw.threspectt ndicular voltage field with respect to 

^^-^^^''-^ 

.ecapillarychannel. f , d ,, we mean the component of the electric 

By "perpendiclar voltage field we m 

A ^ m9 , elec trode which is in a direction 
• the inteerated external eleciruu 

perpendrcuiartothecap ary ^ ^ ^ e »erna. 

electrode, whether produced dtrectly by 

^en.ofe.rge.-^----^-" 

m otic flow in the capillary channel, 
electroosmotic flow comTO Umg 
present invenuon provides a practKal dev.ee f 

20 ents using reduced voltages to control electroosmonc 

utasmall volume fluid movements using r 
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flow, as shown i n Fig. j FJui(J 

a -bstrate , 60, wherein ^ ^7 " " " * 1 70 de fined by 

ecftannej has two ends jso ^ , 

electrodes I in, ^° eJ lnner wall SUrface f . 

odesIJOareprovidedatthein,™ ,,• L °ngitudinal 

'°»g.« U di lla JeIec trodK . ^^™ ,< * >*<««. the ,wo 
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— — 

described in this disclosure. 

Tne device c be made as a microchip, as shown m F* 2. The 

«.^~**-- , * ,,,d,,,,te "*"" ,, d 

arat ri d e,s«ico n ,^ U n,^ide, and.be iiKe.orapoivmer.aplasuc.a 
^vdimetby.siloxane.orapoiyme.hyimemacrvia.e. 

„•„ of the capillary channel predicts that 
aescribingurephysicalandCecmcalpropemesofthecap ry 

ic fl o W con.,, »here con., is done.. ^ 
15 ^endic»,ar^ee ff ec,bya f ac,oron.n W r,),asshov.in F i,3,andas 

jc ri bedh,„ayes,e.a,.,^«'---- 516 - ^ 

saf e,y Tbetwol— — ""^ ^ 

careful design, these limiutions are minimized. 
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"93,65,20,0-2013 Surf ' * &mb& * i 

, — 'cr — 

» one Jinked section of the capiJ Jaiy ch * voJtage 

^ ilyincreasB)lbeinducedsurf ^ ' surface^ 

M on the inner surface win k„ i 

"^ccons*,,,^ ^ . ' ^ " «* ftr fc higll 

' he addmonaJ induced C |„,„.. 
^^owa,^ in 

I,c 6 a «ve values Thiol* • • 

^.- k d OWVOlta8efortWs ;----<. fthecalculattd 

« s '«'»v enniorcfavorab)ew] . [ha 
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i r s V is required, which is only 0.4% of the 
titanium dioxide wall, where only 8.8 V « reqm 

breakdown voltage. 

extnM , - *• — - ^ — ,y improve comrol ° f . 

t. .iA.vice is illustrated, The microchip 
Fig 4, wherein a microchip capillary channel dev,ce 

l.^wi^^^tcross-tee^anddetecti^Wo^,, 
— Wi.thisde.ccd.e^olore.ec— , 

— — —- — *" r 

desi , Toconaructthedeviceasa — P or microdevice, other «— 

taMaiuaBii ^^ .fcsedsiHcacaptliar, 
tu ^ y he m c,e,edasac y ,ind ri c,ca P aci,or,asdesc ri hedinKee, y ,e,a,, i 
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Qzvxmi^ms, 652, 283-289 WW, 

Wlth °"t intending to be boun^ 

5 

1"6,V/l/ riX , /ln(ryr)) 

*«« '-.andristhe ^'^'^vonage,,^ 

onter radius. This M 

y0f ' ,MaPPiKd ^™i fflg ei smaximiad 

10 . ^ graphing 

voltage-induced inner sur&ce c h»™ 
by the x -axfe versus y-axis „ . density, as shown 

y axis, respectively, i„ fil , , r- 
experiment radl , ofabom] * C °™» P^vionsiy ^ 

! 1993, 65, 27-31 and Wu etai A l ■ A^tOaniav 
o^egeon.et.or.e^^ 3 ' 65 ' 568 -"'- 
electroosmosi, V ' tefor »P-vedcon fr „ 1 of 



capillary channej walJ , 



^ also improve the 



Materials which make 



up the 



effecti 



venessof fl owcontroJbyi nducing 



surface of the channel f 0r a ei 



C ° ntr0l0ffj0W ^ y can increase the 
3 ^^unt of charge on the 



m turn, induces greater affect 



^ena PP , iedradiaJvoJtage 
on the C-potential, thereby 



inner 



induced charge, 
^proving the control of 



WO 00/28315 



PCT/US99tt6724 



mjeciea dielectric 
f eld allotherfactorsbeingeaual. Other matenals useM for the 
field, all owe nitride titanium dioxide, 

10 ^alatece^.s.a.Ucate.a^.a---— d - 
andte Hke,orahi 8 hdielec t ncpoly m erorpla, 1 c. 

^edite^in^^eeiectticc^eis — canbe 

. . . . dielectric constant materials because charge is more 
eonu.lledbyusutgh.ghd.e.ecmc 

ffecnvely transferred across high dielectric consun, matenals, 

i e. The position of the integral 

, ^^usedtoiniectc^inaparticulardirectioninmedevtce. By 

m atenalcanbeusedto electrode and the 

.aciugabigbdielect.icmatena.^eenanintegra.d-rnaielec™ 
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important to red uce the infl U e nce ofon • ' inc ^ingJy 

cnce or one integrated evt^oi . 
* adjacent chanDefe * — " «■"** on flow ,.„ 

devices. ' CVen for co ^x microchip 

«, and Hayes, « Extensjoi]ofExienia| 
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VVO 00/28315 ^ 

encoun. p . „ 1993 65 27 . 31 . Finally, .he surface mus. no, 

, leff ec,o„— ucmobihty. High— surface .ayers p 

, 983 M2 2<*-2 7 2. Avoiding the use of 
m 244-248, and Jorgenson, e, al., Ssienc* W«3, 222. 

„. or *= use of monolayer surface coverage 
polymers or polymer-formmg reacun-s, 

u j Hav « "Extension of External 
• stable up to eight weeks, as described m Hayes, Ext 

remains staoie up iu v» & 

« ,o Hieh-pH Buffers," Aiatoiauihsrm^ I' 99 ' 
20 Vo.ugeCon^ofE.c—sroH.gnpH ^ 

71 3,,»79 8 .Coa t in 8 silic,«=» i ^.--^- d,henrcaCtE 
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QmmQ ^hkl997 > 44 53R ^ 

■^genls since tf, eiln<i . xs ""require hindered 

matena ' « "°< liable ,„ .he ^ md . 

^^rfaoe charge gene^^y, 

^surfacecoa^,^^^ 
C-^co^^ * 
^"'M^-based surfaced,, ™^ chemical 

J J^J, and Huang, et aJ f ri, 

-^proieinad^^^. . *" ^ - ^ 

Powers have ^ ^ "'^^ - W decr^, 

a, described i n S ■ ^^-soluUor, 
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a 1996 731, 273-282, which is hereby 

f nitsentirety.Thesepolyrnerssuppresselec—.by 
incorporated by reference inl ts enure y 
^edsurfacechargedensityand — v.scosny w^ntheelec 

. .Ocular voltage potential 
, r TOsloealvisco^isunaffectedbytheperpendtcularvo 

^ and therefore polymer coatings are unstable 

u^ii alter electroosmosis, and tnereiorc P j 

• ,„ miliary gas chromatography. However, due 
^ most notably for appl.cat.on to capillary g 
^ ^d system previous organosilanerreaunenvs 

, , he labile silicon/oxygen/carbon bond system, p 

v H»„ or low as described in Snnwasan, 
„„, stable at buffer P H extremes. eHher htgh or low, 

el ^ Al- l !l taUSMiM ,w - 6 - 

^eby incorporated by reference in their entirety. 
" O.anosilane^have.sobeenexp.oredforperpend.cu.ar 

rmc example was the use of 

™i tor capillary elecuophores.s. One examp 
voltage flow control for capinary 

w surface ueatmem was propnetary, but was 
commercially -deactivated' tubmg Resurface 

ta ..tobeorganosilanebasedxwhercu.eauthorsmerelymenuon.ha,,. ...V 

, mo,c flow, contro, by applied radial voltage," without 
effective EOF [electroosmotic flo ] 1992 , M , 51 , 

H, abovepHS as described in Huang, et al., Analytical 
but the surfaced unstable above pH 
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— ^^^^ . ' la, ''^~.-o, 51s , 6 , 78 , 

nts have demonstrated stability to acidic a nHK • 
providedf orpeipendicu]arvoi * aC,d,C -^as lcbuffereand 

voitage flow control from pH 2 to dH in , 
Hayes, "Extension of Extem^v, 2 t0pH I0 - ^ described in 

'ow control mechanisms. 7T,eratenffi 

-^ bytll e moniloringsysIem . 

* econd " i< »'w make-up of fluids . ■ 
ctarce,™,^, P ° ffludc °"*»* within a* 

^ Msub ^»cm operations. Any f] 0Wm 
"hich can detect fl„ w ratK ^ . * flow ™»'<oring systeo, 

' nVMVe,ymm,Cro " S -^^'-^nc,i„ nfor 
A summary of methods for real tim. 

^inco™,,^ . ; J ^~-'^-''.«-.0 4 ,which is 
preference in llserai 

of toe nrtods is che^of ^ ^ mos( app lied 
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surface interacts, This technique is limited to 

— . ethcCpotenlWwhm 

■ i u.c h^n used to determine the (,-poienua 
Streaming potential has been used 

o • iosn 76 305- Wegenen, et al., L . r im r"vpv 
al., LifiU h ^ hereby 

123 HS^andReiJeng.etal.i^m^ .1983.260.2 

• , This svstem requires pressure driven 

■ which the flow is back calculated. 

t T 1989 470 95-104; Altria, et al. AnaLEn* 1986, 23. 
Goor etal.,L£bl 0 iSate£r. 1989, 4 /u,* 

w iq8 7 74 527-532, which are hereby 

20 453 " 454 ' . f Tu^ofcourserequirescalibrationforeach 

incorporatedbyreferenceintheirentirety. Thisofcour 
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d '™ eto ">»abe,c curatelykno 

y re,erc "«w iBentirely. Under,!,, 
conduct across ^ conditio*, tow 

a P"Iary,spro p()nionaI 

C °" dU »'">°^^fe S o, im , n ne 

^^-^^ ^u .J.J^T lb, ' , *"**• ,l,ow " i,, 

m 3 Afferent buffer 
^^Pleofa^^ ' 

**^ rattlheelecto|tinetic • ,neXi ^^s, theelecm)des 
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u c ;« the ^-potential caused by perpendicular 

-ri-i— -« — 

mnles ^ given to illustrate important features 
The following examples are givei 

• «♦ limited to the above-mentioned 
understood that the present i"«n«°° « no. hmtteo » 

„ n he made by one skilled in the art havmg 
>,„diments Numerous modificat.ons can be made by 
embodiments. N Sudl modifications should be 

* benefits of the teachings of the present mventton. Such » 

.mpassed.dunmescopeofthepresentinventionassetfonh.n 
10 taken as being encompassed wi 

the appended claims. 

EXAMPLE 1 

^.SodiumdihydrogenphosphateCNaH^wasob^ 

« received. All NaH,PO. buffers were prepared to mM 

„ HSOusingphosphoricacidCEMScienccabbstown, 
concentrationandadjustedtopHS.Ousmgp 

» buffersandsampleswere Massachuse «s, 
a Mi,.ex-LCR Filter Wt. 0.5 micrometer pore s.ze (Bedford, 
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Rsher Scientific, Pi^ . ^ "" C ™™' J*, size, 

Penns >"™"0. Ail buffers and samm,, 
w»th 18m e g „ hmj>urifledWaler "^—Prepared 

^er drawn from a NANOpure (TV ulfra 
filtration system (Bamstead, Dubuque, Iowa). " 
£iaoaLMicn2deyi ce * ... 

»ya>eAibena MicroeiecIro 

™s device consisted of a long cap,,,,, ,. 

'ong capillary channelused 

■merged bynTOOff . sasid s ^™c*p™i on , 

<»— — -0*. Santas 

^ Channe ' dimensions were 30 m ~ 

micrometers deep. Thesi de . ^ 30 ^-ters wide and ,„ 

P 1,6 S,de channe 's were off- set by 500 nV 

separation channel (infection Aerometers. The 

(ejection 20ne to me buffer 

Integratedexternaieiectrodeswereoo-- ' ~> *>«» ta* 

S were Positioned parallel to thf . 

^^^^ ° h °**™» '^separated 

' ^ s «own in Fie 4 * 

channel. The effective perpe d' , ^ * "* 

,ve Perpendicular volw r,^ 

« ">e buffer (assuming a 1^ p,,,^^.. 
"-^iatelyadjacenttomecenterofme • , 

- volta, sradien, T „ e " ^ **" 

by the power supply means. 
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„. T wo Series «5 hi gh v** P<~ «"« «" i *° 

L**.*-™ -««.V— * C«an)anda» 

^nm, 

♦• * integrated with National Instruments Lab 
Hectics, East Hartford, Connect) mtegrated 

a hardware (National Instruments, Austin, 
VIEW IMAQ image acquisition software and hardware (N 

developed in-house. 

^ Dramatic* improved efficiency was demonstrated for 

, 5 ^esofiess.ana.uti-. Two separate a. - C- - 

literature to control fluid flow. 

Representative 4*4 ima g es were acquired of the flow of a 
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various effective voltage fields afth ■ 

8 JdS ° fthe integrated external electron. 

We e,ectr <>osmotic mobility of th P M , 

expenWinw^chthevalueoftheeff • ^^P* for the 

effective voltace field of* • 

was ^ ^ +4 y 

allowable Chan-.;,,.. , « A of the mmnum 

change msampfemoW%iraso 

" for the correlation) 
^ S . U d i e S we rep e rfomiedby 

™e flu „ rescencejnten « ,C ^ — 

'o«ed approxjmattly 5 mn, a . . . 

CO> camera Mdsoftwaremii . , y ™J=«or wift 

sonware mai, lpll | ation 

--^e^^ fete :x; 01 --™^- 

^effecvevo^efieldof^ ,' ^ "* - 

- —ode sPea^o^ 
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-« " (+4V ; + : 

-l*6xl0'>x-!2.1xl<n(wher=yis 

& values ««= different to Tables land II. 

Th e effect of flow eon.ro, for *. .device resrea here 

— »-.— — — — re 7 

was ^to T a b len..Stoce ft ea bS o tat e.a 1 ueof.e, ra reran d o Ul erra d „o f ,e 
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capillary tubes used in these literature ref 

merature references influenced the ^ff • 
applied radial voltaee /«. - ^veness of the 

y yi ^ c ^»orfac I orofl/ (r w r , r))l „ . . 
e^v eradia)vohageono9t<) ^^Aevaw 

< . /m,CTOm «=nn Table m Th. 

"V < a *W> &om the literature refr™ 
ranged/romS.OxlO'on'n, "Preferences 

1—U of the teeg^ exttraal »* of appta 

"Mlrodes was 120 V. Since th. , 
W«ed across adisHnce of 5n . """^ "as 

ne Ending cnan8einlhe 
TOs8 *J0-W/Vs Tta* f t el «»°osn,otic mobility 

ta, " r '"« ><H, which was 22,' 
lus > 1/16 efficiency of th^ rv,- 
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TABLE 1 



external ,, ^ F . F FEcrs on nom,u^ o^!E^I£ 

EXTERNA^ 1 I Number of Tnals 



Effective Voltage of 
Integrated External 
Electrodes (V) 



Normalized Change in 
Observed Mobility 
^vp value u-Jinitial Mobs) 




/ 9 13 x 10- 3 U + 1 .07 (R 2 - 0.84). Note: 0 V applied 



Linear ( 



(data were 



normalized to this value). 
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Effective 
VoJtage of 
Integrated 
External 
Electrodes (V) 



TABLE II 



52 
72 
112 
152 



172 



Linear correlation y={66xi n-n « 



21.7±0.3 

24.1±3.7 

32.2±2.1 

35.4±2.6 

37.8±4.I 



■I.86±0.03 
■l-68±0.25 
-1.25±0.08 
-1-14*0.08 
■107±0.1] 
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" TABLE 111 



Reference 



Ionic 
Strength 



Capillary 
i.d. / o.d- 
(micrometer) 



Range of 
Radial 
Voltage 



Effective Radial 
Voltage 

(V/micrometer)* 



Change in 
Electroosmotic 

Mobility (Am**) 
10 4 cmWs) 



Efficiency 
Factor (D 
[x lWcmWs)/ 
(V/micrometer)1 




§ 

0) 
(2) 
(3) 
(4) 
(5) 



Data ^ direcdy fron, reference, or ca.cu.a.ed ^ experiment 
description. 

All buffers were pH 3. reference for explanation. 

According to V/Wn^r,); see butyl functional groups. 

Hillary coated w i* an organ. on = g ^.^ ^ 

ranillary coated with an organic piw 

Wu et al., AlialyjicjU^^ 

Huang, etal., ABtoLOieim^ 

H^et et al., AnateMi^e^ W3, 65. 27 3 

Hayes et al., Aiiajyjjc^l^^ *" 2 ' 
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EXAMPLE 2 

^ Sod,™ dihydroger, phosphare (NaH,PO.), sod to 
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miC,OSPhOTS (M °'— Eugene, Ore gon) WK ^ ^ . 

NaH 2 P0 4 buffers were prepared to J 00 mM 

, ■ • Lanhydr ° USeth y J ^ohol and pressure 

5 nnsingthecapiJJary. Pressure 

^^^^^ 

20 micrometers i.d. and 150 mic " ,M8th ' 

50 m,Cr ° meterSo d ^olymicro Technologies Phoe ■ 

Arizona), where the one tin Wa , 

onet ipwassputter ^ oatedwithc 

removmgthepolyimide coating (Desk II Sou« • , 
10 ri. ~- PUttenn8Unit - D «to n Vacuum Inc 

10 Cherry Hill, New Jersey) Th,,« . • uu minc, 

y> ThU5 ' a ,0 "g'tudinal electrode was nlac^ , 

'o ft. device ^ ,, ^ S °""'°"™°™°>"»»™ 

f442nmm< x He Cddua] wavelength laser 

(442 nm/325 nm) (Omnichrome laser ru- ^ 

(HutchNET East Hartf d r Chino, California); a CC-5E CCD camera 

• *. Hartford, C TOKta); and m ^ ^ 

m.croscope(Tc.icyo, Japan) Da. am n. . 

M ' ,rc,,0n " d ^P™ S ram S weredeve.oped 

M " h ~ 8UbV '~™an,M AQPCI 1408 . ^ 

« ra-1408 rniage acquisition board 



in a 
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from National Instruments (Austin, Texas). Modeling was accomplished using 
programs developed in-house using MathCAD 7.0. 

The device was interfaced by placing the cathodic buffer reservoir 
^ed p,exig.as container where vacuum or presstue could be applied. The anodic 
5 buffer reservoir was fashioned from plexi g .as materia, to form a container where the 
go ,d-coated capiUary tip of the device and the reservoir buffer were maintained a. the 
same potential. This allowed the longitudinal potential field to be initiated a. the 
mediate end of the capi.iaty channel. Data analysis was performed by recording 
fluorescence intensity near the end of the capiUary channel (ouantitation was 10 pixels 
10 by 5 00 pixels for 2.5 micrometers by 120 mtc— ). The fluorescence was 
monitored from the carboxylate-modified latex spheres over time as vo.tage fields 
W ere adjusted to balance electrophoretic migration of the microspheres against the 

s -sectional 1 0 pixels were then averaged and analyzed using 
MathCAD 7.0 and Excel (Microsoft) on an 



bulk inward flow. A cross- 



programs developed in-house using 
1S Optiplex GXI Pentium 233 (DELL Computer Corporation, Round Rock, Texas). 



EXAMPLE 3 

A substrate of Coming 02 1 1 glass is fabricated defining a capillary 
channel 30 micrometers wide by 10 micrometers deep, and 5 cm long, as in Example 
] ^ ^grated externa, electrode is positioned parallel to the channel separated by 
20 5 Omicrome.er S from,hechannel,andex,endinglongi.udinally ! cminboth 

erections from the longintdina. center of the channel. A layer of titanium dioxide, a 
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high didectric material, is positioned between th ■ 

thech* , eentheimegrated vernal electrode and 



iinal 
Jeto 
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jmJTnTTTTl^V H AIMED IS: 

1 A device for performing fluid flow comprising: 

a substrate defining a capillary channel, wherein the capillary 
channel comprises an inner wall surface, two ends, and a cross section of less than 

about 200 x 10-' square meters; and 

a, least one integrated external electrode spaced apart from the 

inner wall surface of the capillary channel by a distance d of less than about 1 60 x 1 0* 

raeters , wherein the integrated external electrode is positioned to provide a 

perpendicular voltage Held to the capillary channel; and 

two longitudinal electrodes, one of said longitudinal electrodes 

being positioned a. one end of the capillary channel and the other of said longitudinal 
electrodes being positioned a, the other end of the capillary channel, wherein the 
long i<udinal electrode, are positioned a, the ..mediate ends of the capillary channe, 
and are positioned to provide a longitudinal voitage field selectively through the 
capillary channel. 



2. The device 



50 x 10- 6 meters. 



of claim 1, wherein the distance d is less than about 



20 



3. The device 
section is less than about 50 x 1 0 9 square meters 
50 x 10" 6 meters. 



of claim 1 , wherein the capillary channel cross 

and the distance d is less than about 
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* TOedeViMOfd ™ 1 '^n«.cc a pi 11 ^ chailllelcross 

section is Jess than about 0 v in-9 „ 



5 mal aIb . " rae ^° fCtamI - teter «'^a Wglldielectric 
and the capillary channel. 



«■ 7lKd ^° f «™<.^co mprisingamMnsf()rrcii] 
the capillary channel. 



inner wall surface 



1 ned *«» l *-* 8 . 0 * JO ,. d 



8 - A combination device for r»»^ • „ 

evrce for performing fluid flow comprising 
Plurality of devices according to claim 1. % 



9 - Ami 
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<■ i„;™ i wherein said substrate comprises a 
10. The device of claim 1 , wherein s««u 

• ♦• ^ramies silica, fused silica, quartz, 
material selected from the group consisting of ceramics, 

, -j n ;trides silicon titanium dioxide, polymers, plastics, 
silicates, titanates, metal oxides, nitrides, silicon, 

poly d im eth»^ 



1 1 The device of claim 5 



wherein said high dielectric material 
consisting of ceramics, silicates, 



comprises a material selected from the group . 

polymethylmethacrylates, and mixtures thereof. 

12 . ThedeviceofclaimS^hereinthehighdielectricmaterial 
1 o comprises titanium dioxide. 

13 . An electrophoretic separation process using the device of claim 
1 , comprising the steps of: 



fluid comprising the species to be separated into the 



about 2000 volts to the integrated 



15 



(1) introducing a 

capillary channel; 

(2) applying a voltage of less than ; 
external electrodes to control fluid flow; and 

(3 ) applying a voltage difference to the longitudinal electrodes, 
tee* causing electrophoretic migration of the species to occur. 
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,4 - The process of claim ] 3 u 

is less than about 200 voJts. 

15 ' Af " UdflOW,,ro ^^«<.e <i ev 1C e ofclai . ml . 
the steps of: ,aim 1 > comprising 

0)appjy illgav0l 



1 6 - The process of claim ] 5 W h 

S iessthan about 200 volts. 





FIG. 2 

SUBSTITUTE SHEET (RULE 26) 



.18Rec'dPCT/PT0 1 4 MAY 200) 



U9/831849 



WO 00/28315 




(20JU/ n s'9) A1ISN30 
39UVH0 30\/JdnS U3NNI 



SUBSTITUTE SHEET (RULE 26) 



JQ&Rec'd PCT/PTO 1 4 TO 



09/831849 

PCT/US99/26724 



WO 00/28315 



190 170 



3/4 



120 




FIG. 4 



130 




XT^Ye 19 22 25 28 31 34 

TIME (SECONDS) 

FIG. 5 



SUBSTITUTE SHEET (RULE 26) 



Rec'd PCT/PTO 1 4WSf 




SUBSTITUTE SHEET (RULE 26) 



Rec'd PCT/PTO 1 4 MAY 2001 




W ^, it PROPERTY ORGANIZATION 

• p T WORLD intelleCHML^ Bureau rnOPERATION TREATYCPCT)^ 

PLICATION PUBLISHEDUN^^ ^^315 

■ ^^^.:<Winn 7 t II K J lg ^ a y 2000 (18.05.W) 



G01N 27/447 



A1 (43) International?-^^ 



al) Internationa. Application Number. C 
( 2 ) „ tr . 10 November 1999 (10.11.99) | 

^International Filing Date: 



I (30) Priority Bate: 

1 1 ' 60/108,086 



U November 1998 (12.1 1.98) 



Published CPfl rc/i repor(. 

. ,c With international searcn y 

1 With amended claims. 



60/108,086 

„ us , ARIZONA I Date of publication of the amended claims. 

™ ^s^* Szona statc university ' 

Twnpe, AZ 85287 (US). | 

POLSON. Nolan, A. [US/uaj. 
AZ 85224 (US). 

, . Baker & Botts, LLP. JU 



6 July 2000 (06.07.00) 



(54) Title: 



-^^i^R CONTROLLING 




15,1 A r:i . - - srjs.w^iSSsSSg^^ 

me voltage required for the con r . 



FOR THE PURPOSES 



OF 



tv,P PCT on the front 
Codes used to identify States party to the PCT 



INFORMATION ONLY 

of pamphlets publishing intern; 



L ational applications 



under the PCT. 



AL Albania 

AM Armcnia 

j^y Austria 

^U Australia 

A7 Azerbaijan 

^ Bosnia and Herzegovina 

BB Barbados 

BE Belgium 

BF Burkina Faso 

BG Bulgaria 

B j Benin 

BR Brazil 
B Y Belarus 

C G Congo 

CH Switzerland 

C1 C6tc d" I voire 

CM Cameroon 

CN China 

cv j Cuba 
cz Czech Republic 
DE Germany 
DK Denmark 
E £ Estonia 



£g Spain 

p Y Finland 

p R France 

GA Gabon 

GB United Kingdom 
GE Georgia 
G H Ghana 
G N Guinea 

GR Greece 

H U Hungary 

IE Ireland 

lL Israel 
lS Iceland 

lT Italy 

jp Japan 

ke Kcn y a 

KG KyTgyzstan 

£p Democratic Peoples 

Republic of Korea 

KR Republic of Korea 

KZ Kazakstan 

LC Saint Lucia 
Ll Liechtenstein 
LK Sri Lanka 
LR Uberia 



pages 

LS 

LT 

LU 

LV 

MC 

MD 

MG 

MK 



ML 
MN 
MR 
MW 
MX 
NE 
NL 
NO 
NZ 
PL 
FT 
RO 
RU 
SD 
SE 
SG 



Lesotho 

Lithuania 

Luxembourg 

Latvia 
Monaco 

Republic of Moldova 

Madagascar 

The former Yugoslav 

Republic of Macedonia 
Mali 

Mongolia 
Mauritania 
Malawi 
Mexico 
Niger 

Netherlands 
Norway 
New Zealand 
Poland 
Portugal 
Romania 

Russian Federation 
Sudan 
Sweden 
Singapore 



SI 
SK 

SN 

sz 

TD 

TG 

TJ 

TM 

TR 
TT 
UA 
UG 

us 
uz 

VN 
YU 



Slovenia 
Slovakia 
Senegal 
Swaziland 
Chad 
Togo 
Tajikistan 
Turkmenistan 

Turkey 

Trinidad and Tobago 
Ukraine 



United States of Amenca 
Uzbekistan 

Viet Nam 

Yugoslavia 

Zimbabwe 



PCT/US99/26724 



WO 00/28315 



intei 



grated 



-43- 

AM ENDED Cl^MS 2ooQ (12 05 .oO); 
new claims 17-w „„Ued to the 

14 The process of eta«». 

, ;aessthanabout200volts. 
vernal electrodes « less ti^ 



15. 



.^^Pxocess^^edevlce 



ofclaiml^omprising^ 



steps of: 



canillary channel; 

«f less than about 
w applying a 1185 

^applyi^^^ 
^ fluid flow to — ■ 

v „ voltae= aPP li6,lt0 
.« of claim 15, *»« ** ^ 
16 The P"*** ot «•» 

10 A .. ^ton about 200 vote. 

17 . Adeviccfolliorf''" 1 " 1 ' 61 ' 

_c ~ firstand second ends, ano 

arises aninner^lsurface.&st^ 
channel comprises aninu 

^0^00*10^^ ^^^^^ 

terS ^ereintheintegratedextemai 
70 meteis,wn» 

. Hilary channel; aud 
voltage field to the capillary 
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capillary channel, wner 
(cm : /Vs)/(V/micromeier). 

• f 1^17 in-hichtheefficiency factor r is p— 
18 . The device of claim 17, in 

^SxlO-C^/VsyCV/micrometer). 

l7 inv,hichtheefficiencyfactorrisequal 
19 . Thedeviceofclaiml^inv/mc 

u ^ x lO- s (cm 2 /Vs)/(V/micrometer). 
to or greater than 3.3x10 ( 



AMENDED SHEET (ARTICLE 
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sssssSwSsasa 

, . - m n wherein the voltage applied to the 

14. The process of claim JJ, wncrew 

i i^+nA** is less than about 200 volts, 
integrated external electrodes is less tnan 

• - dpvice of claim 1, comprising the 

15. a fluid flow process using the device 01 claim 

steps of: 

(1) introducing a fluid into the capillary channel; 

(2) applying a voltage of less than about 2000 volts to the intend 

extema l electrodes to control fluid flow, and 

.: - _ +n t v e loneitudinal electrodes, thereby 

(3) applying a voltage difference to the longrtuoiuai 

causing fluid flow to occur. 

16. Ttevo^ofc^^^^^wM**' 

17 . A ^^V^^^^^ mta ^^ T ' 

comprising: 

. subs^ definiBg a c^y ctanel. ***** *« 

_c or,^ second ends, and a cross section of less 

Han aboul 200 X 10* square moos; 

voltage field to the capillary channel; and 
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first and second longitudinal electrodes, the first longitudinal 
electrode being positioned at the first end of the capillary channel and the second 
longitudinal electrode being positioned at the second end of the capillary channel 
M^inthelongit^ 
channelanda^posi^ 

capillary channel, ^ the efficiency factor T is greater than 2 x 10< 
(crn 2 /Vsy(V/micrometer). 



18. ^^ofclaimiy.towhichtoefficicncyft^ri,^ 
than 5 x J 0* (an'/Vsyw/naaomaa). 



10 or greater than 3 3 x 1 0- (cmVVsyrVAnicromerer). 
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